A novel, orange-pigmented, halophilic archaeon, strain DC8
similarity was as low as 90.1 %, 89.3 % and 89.1 % to the most closely related haloarchaeal taxa, including type species of members of the genera Halosimplex, Halobaculum and Halomicrobium, respectively. The G+C content of its DNA was 68.1 mol%. Polar lipid analyses revealed that strain DC8
T contained phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, phosphatidylglycerol sulfate and phosphatidic acid. One unknown phospholipid, two major glycolipids and one minor glycolipid were also detected. The only quinone present was MK-8 (II-H 2 ). The physiological, biochemical and phylogenetic differences between strain DC8 T and other extremely halophilic archaeal genera with validly published names supported that this strain represents a novel species of a new genus within the family Halobacteriaceae, for which the name Halosiccatus urmianus gen. nov., sp. nov. is proposed. The type strain is strain DC8 T (5IBRC-M 10911
Urmia salt lake is located in the north-west of Iran at an altitude of 1275 m above sea level. The total surface area of the lake ranges between 4750 km 2 and 6100 km 2 depending on evaporation and water influx. The mean and maximum depths are 6 m and 16 m, respectively (Heidari et al., 2010) . Over the last decade the lake has been suffering from drought (Asem et al., 2012) and its salinity has increased up to saturation (35 %, w/v) . The increase in the salinity resulted in extending the extreme halophile (microbial) population (huge reduction of Artemia) and changed the colour of the lake to red. During the investigation of prokaryotic diversity in this lake we obtained a pale-orange, extremely halophilic archaeon, which was not related to any microbial taxon with a validly published name. The aim of the present work was to determine the exact taxonomic position of this strain by using a polyphasic taxonomic characterization that combined phenotypic, chemotaxonomic, phylogenetic and genotypic analyses. These results indicate that strain DC8 T should be placed in a novel genus as a representative of a novel species, within the class Halobacteria.
Strain DC8
T was isolated from a brine sample (pH 7.2, total salinity 32 %) of the hypersaline lake Urmia in the north-west of Iran (378 329 N 458 439 E). The samples were collected in sterile plastic containers and kept in the dark at environmental temperatures for a few hours until being analysed in the laboratory. The environmental sample was inoculated in modified growth medium (MGM) with 23 % (w/v) total salt concentration (DyallSmith, 2009 ). This medium contained a 23 % (w/v) salt mixture prepared from 30 % (w/v) stock solution, which consisted of (g l 21 ): NaCl, 240; MgSO 4 . 7H 2 O, 35; MgCl 2 . 6H 2 O, 30; KCl, 7 and CaCl 2 . 2H 2 O; supplemented with 1 % (w/v) peptone (Merck) and 0.2 % (w/v) yeast extract (Merck); 1.5 % (w/v) agar was used for solid media if necessary. The pH of the medium was adjusted to pH 7.2-7.4 with 2 M Tris-base (Merck). Inoculated plates were incubated at 40 8C for up to 2 months. After successive cultivation, a pure isolate, designated strain DC8
T , was obtained. The characterization of this strain was achieved by following the minimal standards recommended by Oren et al. (1997) for describing novel taxa of the order Halobacteriales.
The genomic DNA of the isolate was extracted as described by Lam in the Halohandbook (Dyall-Smith, 2009) for haloarchaea and the 16S rRNA gene was amplified using the archaeal universal primers: 21F (59-TTCCGGTTGATC-CYGCCGGA-39) (DeLong, 1992) and 1492R (59-GGTTA-CCTTGTTACGACTT-39) (Lane et al., 1985) . The PCR conditions were as follows: 94 8C for 2 min, followed by 30 cycles of 94 8C for 15 s, 51 8C for 30 s and 72 8C for 60 s, with a final 7 min extension at 72 8C. PCR products were purified with a DNA purification kit (Roche) according to the manufacturer's protocol. Ligation of the PCR products with the pGEM-T vector, transformation of Escherichia coli DH5a and selection of the transformants were carried out with a pGEM-T TA cloning kit (Promega) by following the manufacturer's protocol. Several clones were randomly picked and sequencing was conducted on an ABI 3730XL DNA sequencer at Macrogen (Seoul, South Korea), to determine whether the strain possessed multiple distinct 16S rRNA gene sequences. The analysis of protein-encoding housekeeping genes via a multilocus sequence analysis (MLSA) approach has been performed as an alternative phylogenetic reconstruction method that can resolve the phylogeny of closely related species in haloarchaea. For phylogenetic analysis based on MLSA, four housekeeping genes, atpB, ef-2, radA and rpoB9, were amplified by PCR using specific primers (Papke et al., 2011) . Amplification and sequencing of the rpoB9 gene was performed as described by Minegishi et al. (2010) . Phylogenetic analysis was performed using the software package MEGA version 6 (Tamura et al., 2013) after obtaining multiple alignments of data available from public databases by CLUSTAL X (Thompson et al., 1997) . Clustering was performed using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1985) and minimum-evolution (Rzhetsky & Nei, 1992) methods. Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by performing 1000 resamplings (Felsenstein, 1985) . The identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e tool (Kim et al., 2012) .
Ten almost complete 16S rRNA gene sequences (1440 nt, each) of strain DC8
T were obtained. Sequence comparisons indicated that this strain has one kind of 16S rRNA gene sequence. 16S rRNA gene sequencing showed that strain DC8
T is a member of the family Halobacteriaceae; but similarities to type strains of other members of this family were low. The closely related haloarchaeal taxa were: Halosimplex rubrum R27
T (90.6 % similarity), Halomicrobium katesii DSM 19301 T (90.1 %) and Halomicroarcula limicola YGHS32 T (89.8 %), respectively. Its similarity with the type species of these genera was 90.1 %, 89.3 % and 89.1 %, respectively. Phylogenetic analysis using the maximum-likelihood algorithm revealed that strain DC8
T clustered in a separate clade (Fig. 1a) . The phylogenetic position was also confirmed in trees generated using the minimum-evolution and neighbour-joining algorithms (Figs S1 & S2, available in the online Supplementary Material). The atpB, ef-2, radA and rpoB9 genes of strain DC8
T were sequenced and found to be 489, 495, 524 and 1854 bp in length respectively. The concatenation of four loci (atpB, ef-2, radA and rpoB9) produced an alignment of 3109 bp length. Phylogenetic tree reconstruction using the neighbour-joining algorithm based on the concatenation of four genes supported strain DC8
T clustering as a separate clade within the family Halobacteriaceae (Fig. 1b) .
Cell morphology and motility were examined using an Olympus BX41 microscope equipped with phase-contrast optics. For photography, drops of exponentially growing liquid cultures were used directly without fixing. Colony morphology was observed on agar medium under optimal growth conditions after incubation at 45 8C for 14 days. The Gram reaction was determined by following the method outlined by Dussault (1955) .
T was non-motile and pleomorphic with a width of 0.3-0.7 mm and length of 1.1-1.5 mm; it was Gramstain-negative (Fig. S3) . When grown for 14 days at 40 8C on 23 % MGM medium, colonies were circular, entire, smooth and pale-orange with a diameter of 1.0-2.0 mm.
Physiological tests were conducted using liquid or solid (1.5 % agar) MGM medium as above, unless stated otherwise. Liquid cultures were incubated at 40 8C on a shaking incubator at 200 r.p.m. Growth rates were determined by monitoring the increase in OD 600 . The temperature range for growth was examined in liquid MGM medium at temperatures from 20 8C to 60 8C with 5 8C intervals. For experiments on growth at different pH values a range of pH 5.0-9.0 was Halosimplex carlsbadense 2-9-1 T (AJ586107)
Halosimplex pelagicum R2 T rrnB (KF434756)
Halosimplex rubrum R27 T rrnA (HM159603)
Halosimplex pelagicum R2 T rrnA (HM159602)
Halosiccatus urmianus DC8 T (KM596805)
Halobaculum magnesiiphilum T rrnA (AB627357)
Halobaculum magnesiiphilum MGY-184 T rrnB (AB638780)
Halorubrum aquaticum EN-2 T (AM268115)
Halorubrum aidingense 31-hong T (DQ355813)
Halorubrum saccharovorum JCM 8865 T (NR113484)
Halorussus rarus TBN4 T (GQ282618)
Natronobacterium texcoconense B23 T (JN571120)
Halalkalicoccus paucihalophilus YIM 93701 T (JF449426)
Halalkalicoccus tibetensis DS12 T (AF435112)
Halobacterium salinarum N1 T (KP280003)
Halomicrobium mukohataei DSM 12286 T (CP001688)
Halomicroarcula pellucida BNERC31 T rrnA (AB766179)
Halomicroarcula limicola YGHS32 T (KF582944)
Halomicroarcula limicola tested; MES (pH 5-6.5), HEPES (pH 7-8) and CHES (pH 8.5-9) were added at a concentration of 50 mM. The requirements for NaCl and MgCl 2 for growth were determined in media containing 0-5 M NaCl (0.5 M intervals) or 0-1 M MgCl 2 (0.05 M intervals), respectively.
Strain DC8
T grew at a temperature range of 25-55 8C (optimum 45-50 8C) and a pH range of pH 7.0-8.5 (optimum pH 7.5). Routine cultivation was conducted at 45 8C and pH 7.5. Strain DC8
T was capable of growing over a range of NaCl concentrations from 2.5 M (15 %) to 5 M (30 %) and MgCl 2 from 0.02 M to 0.3 M. It grew optimally in the presence of 4.0 M and 0.1 M NaCl and MgCl 2 , respectively. Cell lysis was prevented in the presence of at least 3 % salt concentration.
Acid production from substrates was tested in unbuffered MGM medium and was determined by measuring the initial and final pH of the medium. The culture was considered positive for acid production if the pH decreased by at least 1. To test for carbon source utilization, peptone was omitted from MGM medium and the yeast extract concentration was reduced to 0.1 g l 21 (Oren et al., 1997) . The ability of strain DC8
T to grow anaerobically in the presence of DMSO (5.0 g l
21
) and to ferment arginine (5.0 g l 21 ) was tested in MGM medium prepared anaerobically in serum tubes, according to the procedures described by Bryant (1972) and Balch & Wolfe (1976) . Growth and gas formation with nitrate as the electron acceptor were tested in 10 ml stoppered tubes, completely filled with liquid growth medium to which NaNO 3 (5 g l 21 ) had been added, and containing an inverted Durham tube (Oren et al., 1997) . Tween hydrolysis was detected as described by Gutiérrez & González (1972) . Casein, gelatin and starch hydrolysis were determined as described by Oren et al. (1997) . The DNA hydrolysis test was carried out according to Onishi et al. (1983) . Tests for catalase and oxidase activities were performed as described by González et al. (1978) . Urease activity, b-galactosidase, lysine and ornithine decarboxylase and arginine dihydrolase, methyl red and Voges-Proskauer tests were performed as recommended by Oren et al. (1997) . Production of H 2 S was tested by growing the strain in MGM liquid medium supplemented with 0.5 % (w/v) Na 2 S 2 O 3 (Oren et al., 1997) . Tryptone water medium was used for detection of indole production (Smibert & Krieg, 1994) . Sensitivity to antimicrobial compounds was determined by the disc diffusion method after spreading the strain on solid MGM medium (Oren et al., 1997) . 
Acid was not produced from the carbon sources tested. DC8
T was susceptible to the following antimicrobial compounds: anisomycin (35 mg) and novobiocin (5 mg). It was resistant to amoxicillin (25 mg), ampicillin (10 mg), bacitracin (10 U), cefalotin (30 mg), carbenicillin (100 mg), chloramphenicol (30 mg), erythromycin (5 mg), gentamicin (10 mg), kanamycin (5 mg), nalidixic acid (30 mg), penicillin G (10 U), polymyxin B (100 U), rifampicin (30 mg), streptomycin (10 mg), tetracycline (30 mg) and tobramycin (10 mg).
The detailed physiological and biochemical characteristics of strain DC8 T are listed in Table 1 and in the genus and species descriptions.
For the determination of DNA base composition, DNA was isolated using a French pressure cell (Thermo Spectronic) and was purified by chromatography on hydroxyapatite, as described by Cashion et al. (1977) . The DNA G+C content was determined by the HPLC method (Mesbah et al., 1989) . The DNA G+C content of strain DC8
T was 68.1 mol%, which was within the range described for the family Halobacteriaceae (Grant et al., 2001) . This value was slightly higher than those reported for its phylogenetically related genera: Halosimplex, Halomicrobium and Halomicroarcula (Table 1) .
Cell biomass for polar lipids and quinone analyses was obtained by cultivating the organism in 23 % MGM broth at 150 r.p.m. and 45 8C. Cells were harvested in the mid-exponential growth phase. Individual polar lipids were separated by one-dimensional and two-dimensional TLC. Methods including solvents in each direction and detection reagents were described by Hezayen et al. (2001) . The polar lipids of the novel isolate were phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, phosphatidylglycerol sulfate (PGS) and phosphatidic acid. Three unknown glycolipids and one minor phospholipid were also observed (Fig. S4) . Based on one-dimensional chromatography, GL1 was chromatographically identical to sulfated mannosyl glucosyl diether and two unidentified glycolipids were also detected. In one-dimensional TLC, GL2 was not observed (Fig. S5) . The presence of PGS in this new archaeon differentiated it from the related taxon Halosimplex, which did not contain PGS (Vreeland et al., 2002) . Also, with respect to the number of glycolipids and minor phospholipids, this strain could be distinguished from two other phylogenetically closely related taxa, Halomicrobium and Halomicroarcula (Oren et al., 2002; Echigo et al., 2013) . This result indicated a difference between these closely related members of the family Halobacteriaceae and strain DC8 T . Respiratory lipoquinones were determined as previously reported by Wainø et al. (2000) . MK-8(II-H 2 ) was the only respiratory lipoquinone present.
In conclusion, the results of the morphological and physiological studies on the novel isolate, the low levels of 16S rRNA gene sequence similarity with other genera within the family Halobacteriaceae and distinctive components of polar lipids suggest that strain DC8
T represents a novel species of a novel genus within the family Halobacteriaceae, for which the name Halosiccatus urmianus gen. nov., sp. nov. is proposed.
Description of Halosiccatus gen. nov.
Halosiccatus (Ha.lo.sic.ca9tus. Gr. n. halos salt; L. adj. siccatus dried-up; N.L. masc. n. Halosiccatus organism from dried salt).
Cells are non-motile and pleomorphic, from rods to triangular or disc shaped. Gram-stain-negative. Colonies are pale orange. Strictly aerobic; oxygen is used as the terminal electron acceptor. Growth occurs at pH 7.0-8.5, at 25-55 uC and at 2.5-5.0 M (15-30%) NaCl. At least 0.02 M MgCl 2 is required. Optimal growth occurs at pH 7.5, 45 uC, 4.0 M (23%) NaCl and 0.1 M MgCl 2 . Extremely halophilic. Polar lipids include phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, phosphatidylglycerol sulfate, phosphatidic acid, three unknown glycolipids and one minor phospholipid. MK-8(II-H 2 ) is the only respiratory lipoquinone present.
Isolated from a hypersaline lake. Phylogenetically affiliated with the family Halobacteriaceae. The type species is Halosiccatus urmianus. Recommended three-letter abbreviation of the genus: Hsc.
Description of Halosiccatus urmianus sp. nov.
Halosiccatus urmianus (ur. mi.a9nus. N.L. masc. adj. urmianus of Urmia salt lake).
Exhibits the following properties in addition to those given in the genus description. Cells are non-motile and pleomorphic, from rods to triangular or disc shaped with sizes of 0.3-0.7|1.1-1.5 mm when grown in MGM liquid medium under optimum conditions. Gram-stain-negative. The type strain is DC8
T (5IBRC-M 10911 T 5CECT 8793 T ); it was isolated from Urmia salt lake, Iran. The DNA G+C content of the type strain is 68.1 mol% (as determined by HPLC). 
